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START

Y
PROVIDE A SINGLE-PORT MEMORY HAVING A /710

FIRST OPERATING FREQUENCY THAT IS AT
LEAST TWICE OF A SECOND OPERATION
FREQUENCY OF A MULTI-PORT MEMORY

!

SYNCHRONIZE A SET OF READ SIGNALS FROM | 79
THE SECOND OPERATION FREQUENCY TO THE /
FIRST OPERATING FREQUENCY, AND
SYNCHRONIZE A SET OF WRITE SIGNAL FROME
THE SECOND OPERATION FREQUENCY TO THE
FIRST OPERATION FREQUENCY

|

INTEGRATE A SET OF SYNCHRONIZED READ

SIGNALS AND A SET OF SYNCHRONIZED WRITE /
SIGNALS INTO A SET OF INPUT CONTROL
SIGNALS OF THE SINGLE-PORT MEMORY

Y
SYNCHRONIZE A SET OF READ OUT DATA
OF THE SINGLE-PORT MEMORY FROM THE
FIRST OPERATING FREQUENCY TO THE
SECOND OPERATION FREQUENCY OF THE
MULTI-PORT MEMORY

740

END

FIG. 7
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1
MEMORY DEVICE AND METHOD
OPERABLE TO PROVIDE MULTI-PORT
FUNCTIONALITY THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based on, and claims priority
from, U.S. Provisional Application No. 61/832,294 filed Jun.
7, 2013, the disclosure of which is hereby incorporated by
reference herein in its entirety.

TECHNICAL FIELD

The disclosure generally relates to a memory device and a
method operable to provide multi-port functionality thereof.

BACKGROUND

In the digital circuit design, memories are often used in, but
not limited to, data buffering, being a temporary media for
data transferring among different computing modules, etc.
During a same memory cycle in a real time operation system,
a module may write data to a memory in one address and
another module may read data from the memory in another
address for operations. In this situation, the functionality able
to read data from and write data to the memory at the same
time be provided. In general, a multi-port memory, such as a
two-port memory may be employed to perform the function-
ality. The structure of a two-port memory has two input ports,
which may simultaneously input related signals needed for
the read and write operations. Designers may control the read
and write control signals properly, and apply these control
signals to the two-port memory. Simultaneously storing data
to and reading data from the memory may be easily achieved.
For example, on the write port, a write enable signal may
accompany with a write address signal and a write data signal.
When the write enable signal is at logic high, this two port
memory may write the write data to a relative position. On the
read port, a read enable signal may accompany with a read
address signal. When the read enable signal is at logic high,
this two-port memory may reads out the data in an address
during the next clock cycle.

The two-port memory may simultaneously perform a
memory write operation and a memory read operation within
a clock cycle. The single-port memory may only perform a
memory read or write operation within a clock cycle. When
an Application-Specific Integrated Circuit (ASIC) tapes out
and the memory capacity is too large, a single-port memory
device operable to provide multi-port functionality may be
one of solutions to the issue.

SUMMARY

The exemplary embodiments of the present disclosure may
provide a memory device and a method operable to provide
multi-port functionality.

One exemplary embodiment relates to a memory device
operable to provide multi-port functionality. The memory
device may comprise a single-port memory, at least one read
synchronization module, at least one write synchronization
module, a read/write signal selector, and a read out data
synchronization module. The single-port memory has a first
operating frequency that is at least twice of'a second operation
frequency of a multi-port memory. The read synchronization
module synchronizes a set of read signals from the second
operation frequency to the first operating frequency. The
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2

write synchronization module synchronizes a set of write
signals from the second operation frequency to the first oper-
ating frequency. The read/write signal selector integrates a set
of synchronized read signals and a set of synchronized write
signals into a set of input control signals of the single-port
memory. The read out data synchronization module is con-
figured to synchronize a set of read out data of the single-port
memory from the first operating frequency to the second
operation frequency of the multi-port memory.

Another exemplary embodiment relates to a method oper-
able to provide multi-port functionality. The method may
comprise: preparing a single-port memory having a first oper-
ating frequency that is at least twice of a second operation
frequency of a multi-port memory; synchronizing a set of
read signals from the second operation frequency to the first
operating frequency, and synchronizing a set of write signals
from the second operation frequency to the first operating
frequency; integrating a set of synchronized read signals and
a set of synchronized write signals into a set of input control
signals of the single-port memory; and synchronizing a set of
read out data of the single-port memory from the first oper-
ating frequency to the second operation frequency of the
multi-port memory.

The foregoing and other features and aspects of the disclo-
sure will become better understood from a careful reading of
a detailed description provided herein below with appropriate
reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a memory device operable to provide multi-
port functionality, according to an exemplary embodiment.

FIG. 2 shows an example of the memory device, wherein
the operating frequency of'the single-port memory is twice as
the operating frequency of a two-port memory, according to
an exemplary embodiment.

FIG. 3 shows a timing diagram illustrating the timing rela-
tionship of various signals for providing the memory device
shown in FIG. 2, according to an exemplary embodiment.

FIG. 4 shows a schematic view illustrating an exemplary
detailed structure for the read out data synchronization mod-
ule, according to an exemplary embodiment.

FIG. 5 shows an example of the read out data synchroni-
zation module, wherein the operating frequency of'the single-
port memory is twice as the operating frequency of a two-port
memory, according to an exemplary embodiment.

FIG. 6 shows a timing diagram illustrating the timing rela-
tionship of various signals for providing the read out data
synchronization module shown in FIG. 5, according to an
exemplary embodiment.

FIG. 7 shows a method operable to provide multi-port
functionality, according to an exemplary embodiment.

FIG. 8 shows an exemplary architecture from 4-port to
single port, according to an exemplary embodiment.

FIG. 9 shows a timing diagram illustrating the timing rela-
tionship of various signals for providing the architecture from
4-port to single port shown in FIG. 8, according to an exem-
plary embodiment.

FIG. 10 shows an exemplary substitution and modification
of'the read out data synchronization module from single port
to 4-port, according to an exemplary embodiment.

FIG. 11 shows a timing diagram to describe the timing
relationship of the read out data synchronization module from
single port to 4-port shown in FIG. 10, according to an exem-
plary embodiment.

FIG. 12 shows an exemplary architecture from 3-port to
single port, according to an exemplary embodiment.
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FIG. 13 shows a timing diagram illustrating the timing
relationship of various signals for providing the architecture
from 3-port to single port shown in FIG. 12, according to an
exemplary embodiment.

FIG. 14 shows an exemplary substitution and modification
of'the read out data synchronization module from single port
to 3-port, according to an exemplary embodiment.

FIG. 15 shows a timing diagram to describe the timing
relationship of the read out data synchronization module from
single port to 3-port shown in FIG. 14, according to an exem-
plary embodiment.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

Below, exemplary embodiments will be described in detail
with reference to accompanying drawings so as to be easily
realized by a person having ordinary knowledge in the art.
The inventive concept may be embodied in various forms
without being limited to the exemplary embodiments set forth
herein. Descriptions of well-known parts are omitted for clar-
ity, and like reference numerals refer to like elements
throughout.

According to the exemplary embodiments in the disclo-
sure, a technology is provided by using the architecture of a
single-port memory to construct the structure operable to
provide the functionality of a multi-port memory. The multi-
port memory may simultaneously write data to and read data
from the memory within a clock cycle, while a single-port
memory may either write data to or read data from the
memory within a clock cycle. In order to use a single-port
memory to construct the structure operable to provide the
functionality of the multi-port memory, the exemplary
embodiments may do some conversions on the input and
output signals to fit the multi-port memory and the single-port
memory. Therefore, the exemplary embodiments disclose the
architecture which may convert the multi-port memory’s
input signals into the single-port memory’s input signals, and
also convert the single-port memory’s read out signals into
the multi-port memory output signals.

FIG. 1 shows a memory device operable to provide multi-
port functionality, according to an exemplary embodiment.
Referring to FIG. 1, the memory device 100 may comprise a
single-port memory 101, at least one read synchronization
module 103, at least one write synchronization module 105, a
read/write signal selector 107, and a read out data synchro-
nization module 109. The single-port memory 101 has a first
operating frequency that is at least twice of'a second operation
frequency of a multi-port memory. The at least one read
synchronization module 103 synchronizes a set of read sig-
nals 113 from the second operation frequency to the first
operating frequency. The at least one write synchronization
module 105 synchronizes a set of write signals 115 from the
second operation frequency to the first operating frequency.
The read/write signal selector 107 integrates a set of synchro-
nized read signals 123 and a set of synchronized write signals
125 into a set of input control signals 117 of the single-port
memory 101. The read out data synchronization module 109
is configured to synchronize a set of read out data 111 of the
single-port memory 101 from the first operating frequency to
the second operation frequency of the multi-port memory,
thereby, generating a set of read out data of the multi-port
memory.

The input control signals of a single port memory may
include a read/write enable signal, a read/write address sig-
nal, and a write data signal. The outputted signal of the single
port memory may include a read out data. When the read/
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write enable signal Wr_en is at logic high, it may indicate that
a memory write operation is performed and the write data is
written to the memory address. When the read/write enable
signal is at logic low, it may indicate a memory read operation
is performed and the memory reads out the data from a
memory address during the next clock cycle.

According to the exemplary embodiments in the disclo-
sure, the set of synchronized read signals 123 and the set of
synchronized write signals 125 are distributed over different
clocks in the clock domain of the single-port memory 101.
The distributed order in the clock domain for the set of syn-
chronized read signals 123 and the set of synchronized write
signals 125 may be decided by a system that employs the
memory device 100. The first operating frequency of the
single-port memory 101 may be at least k times of the second
operation frequency of a multi-port memory, wherein k is a
positive real number, and k=2.

FIG. 2 shows an example of a memory device, wherein the
operating frequency CLK _ 2x ofa single-port memory is two
times of the operating frequency CLK_1x of a two-port
memory, according to an exemplary embodiment. In other
words, the operating frequency CLK__1x is used in a system
that employs the memory device of FIG. 1. FIG. 3 shows a
timing diagram illustrating the timing relationship of various
signals for providing the memory device shown in FIG. 2,
according to an exemplary embodiment.

A two-port memory in the digital circuit design may have
a dedicated read port for inputting a group of read control
signals and outputting a data signal, and a dedicated write port
for inputting a group of write control signals. Each control
signal on the write port, denoted by Write_signal _1x, may
include a write enable signal Wr_en, a write address signal
Wr_addr, and a write data signal Wr_data. Each control signal
on the read port, denoted by Read_signal 1x, may include a
read enable signal Rd_en and a read address signal Rd_addr,
and there is an outputted signal Rd_data for reading data from
the memory.

Referring to FIG. 2 and FIG. 3, both of the read input
control signals such as RSig0~RSig4 and write input control
signals such as WSig0~WSig4 at operation frequency CLK__
1x of the two-port memory are synchronized via two synchro-
nization modules (read synchronization module SYNC_R1
and write synchronization module SYNC_W1), respectively,
to the operating frequency CLK_ 2x of the single-port
memory. Through these two synchronization modules, read
and write input control signals are distributed over different
clock cycles in the clock domain of the single-port memory,
shown as Write_signal 2x and Read_signal 2x in FIG. 3.
These two sets of synchronized input control signals Write_s-
ignal 2x and Read_signal 2x are further integrated by the
Read/Write signal selector 107, thereby generating a set of
input control signals 1p_input_signal 2x distributed over
different clock cycles in the clock domain of the single-port
memory 101, as shown in FIG. 3. The input control signals
1p_input_signal 2x may control the access to the single-port
memory 101, thereby outputting the read out data labeled as
Read_out_data_ 2x. The read out data Read_out_data_ 2x
are further converted into the operation frequency CLK__1x
of the two-port memory for further operations in the system.
In other words, the read out data Read_out_data_ 2x from the
single-port memory are transferred back to the original sys-
tem’s operating frequency CLK__1x for further operations in
the original system.

FIG. 4 shows a schematic view illustrating an exemplary
detailed structure for the read out data synchronization mod-
ule, according to an exemplary embodiment. Referring to
FIG. 4, the read out data synchronization module 109 may
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further include a Sync module selector 401, a group of syn-
chronization modules, say synchronization module
SYNCI, ..., synchronization module SYNCN, N=2, and a
read out data selector 405. The Sync module selector 401
controls each of the set of read out data such as Data0__
2x~Data(N-1)_ 2x from the single-port memory 101 may
use which one of the group of synchronization modules. The
group of synchronization modules may synchronize the set of
read out data such as Data0 2x~Data(N-1) 2x of the
single-port memory 101 from the first operating frequency to
an original system’s operating frequency for further opera-
tions in the original system. The read out data selector 405
may integrate the synchronized read out data such as Data0__
1x~Data(N-1)__ 1x from the group of synchronization mod-
ules into a set of output data such as CLK__1x Read out data
with a data format consistent with that of the multi-port
memory.

Since the faster frequency signals are synchronized to a
slower frequency, it may go through several CLK__1x clock
timings before the set of read out data 111 are synchronized to
a stable state. When the read control signals of the multi-port
memory are enabled for a long time, only one single synchro-
nization module is used will result in missing some data.
Therefore, for the read out data from single-port memory, a
max timing latency caused by the synchronization from an
original single-port memory’s operating frequency CLK_SP
to a system’s operating frequency CLK__1x is first calculated
in one exemplary embodiment of the disclosure. Since each
read out signal with the single-port memory’s operating fre-
quency CLK_SP may have a different phase against with the
system’s operating frequency CLK__ 1x, therefore, a max
synchronize clock latency, i.e. MxCLK__1x, is calculated in
one exemplary embodiment of the disclosure as the max
timing latency, according to the single-port memory’s
CLK_SP and each read out data, wherein the number of the
synchronization modules N is greater than or equal to M, and
M is the number of clocks of a maximum timing latency
caused by the synchronization from the first operating fre-
quency of the single-port memory to the system’s operating
frequency.

With the N synchronization modules, N=M, the output data
from the single-port memory may choose different synchro-
nization modules for performing synchronization. This may
avoid the data missing problem. A counter may be used as a
control indicator to indicate a corresponding synchronization
module of the N synchronization modules for each read out
data in the synchronization process. According to the control
indicator, the output data from the single-port memory may
choose a corresponding synchronization module via the Sync
module selector 401 to synchronize the data. In the exemplary
embodiments, there are N synchronization modules, and each
synchronization module may start up at a different time. In
one exemplary embodiment, the Sync module selector 401
may determine which Sync module is selected and when the
selected Sync module starts up.

For example, first Sync module such as synchronization
module SYNCI1 is enabled upon the first read out data is
outputted from the single-port memory, 2" Sync module
such as synchronization module SYNC?2 is enabled upon the
second read out data is outputted from the single-port
memory, . . . , N* Sync module such as synchronization
module SYNCN is enabled upon the N? read out data is
outputted from the single-port memory, first Sync module
such as synchronization module SYNC1 is enabled upon the
(N+1)” read out data is outputted from the single-port
memory, 2"¢ Sync module such as synchronization module
SYNC2 is enabled upon the (N+2)” read out data is outputted
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from the single-port memory, . . ., and so on. In other words,
the Sync module selector 401 takes turn to enable a different
Sync module of the N Sync modules for each read out data
from the single-port memory.

FIG. 5 shows an example of the read out data synchroni-
zation module, wherein the operating frequency of'the single-
port memory is twice as the operating frequency of a two-port
memory, according to an exemplary embodiment. As shown
in FIG. 5, the Sync module selector 401 controls each of the
read out data Read out_data_ 2x from the single-port
memory 101 may use which synchronization module. In the
example, Data0_ 2x uses synchronization module SYNC1,
Datal_ 2x uses synchronization module SYNC2, Data2_ 2x
uses synchronization module SYNC3, . . ., DataN-1_2x
uses synchronization module SYNCN. Each Datak 2x is
converted to Datak  1x, O<k=N-1, after the synchronization
from the operating frequency CLK__2x to the operating fre-
quency CLK__1x. The read out data selector 405 then inte-
grates these synchronized read out data, i.e. Data0__
1x~DataN-1__1x, from the N synchronization modules, i.e.
synchronization module SYNCl~synchronization module
SYNCN, into a set of output data (i.e. CLK__1x Read out
data) with a data format consistent with that of the two-port
memory.

FIG. 6 shows a timing diagram illustrating the timing rela-
tionship of various signals for providing the read out data
synchronization module in FIG. 5, according to an exemplary
embodiment. In FIG. 6, assume that the number of the syn-
chronization modules N is 3, this means that three synchro-
nization  modules, i.e.  synchronization  module
SYNCI1~synchronization module SYNC3, are used for syn-
chronizing the output data from the single-port memory. The
Sync module selector 401 controls each of the read out data
Read_out_data_ 2x, such as Data0_ 2x~Data5_ 2x, from the
single-port memory may use which synchronization module.
In this example, Data0_ 2x uses synchronization module
SYNCI, Datal_2x uses synchronization module SYNC2,
Data2_ 2x uses synchronization module SYNC3, Data3_ 2x
uses synchronization module SYNC1, Data4_ 2x uses syn-
chronization module SYNC2, and Data5 2x uses synchro-
nization module SYNC3. With the synchronization module
SYNCI1~synchronization module SYNC3, each Datak  2x is
converted to Datak 1x, O<k<5, after the synchronization
from the operating frequency CLK__2x to the operating fre-
quency CLK__1x. These synchronized read out data, i.e.
Data0_ 1x~Data5_ 1%, from synchronization module
SYNCl1~synchronization module SYNC3, are integrated
into a set of output data (i.e. CLK__1x Read out data).

According to an exemplary embodiment of the disclosure,
amethod operable to provide multi-port functionality may be
shown in FIG. 7. In step 710, a single-port memory having a
first operating frequency is provided, wherein the first oper-
ating frequency is at least twice of a second operation fre-
quency of a multi-port memory. In step 720, a set of read
signals are synchronized from the second operation fre-
quency to the first operating frequency, and a set of write
signals are synchronized from the second operation fre-
quency to the first operating frequency. In step 730, a set of
synchronized read signals and a set of synchronized write
signals are integrated into a set of input control signals of the
single-port memory. In step 740, a set of read out data of the
single-port memory are synchronized from the first operating
frequency to the second operation frequency of the multi-port
memory.

As mentioned earlier, the first operating frequency of the
single-port memory may be at least k times of the second
operation frequency of a multi-port memory, wherein k is a
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positive real number, and k=2. Also, the set of synchronized
read signals and the set of synchronized write signals are
distributed over different clocks in the clock domain of the
single-port memory. The distributed order in the clock
domain for the set of synchronized read signals and the set of
synchronized write signals may be decided by a system that
employs the memory device.

The followings give more examples for illustrating various
architectures from multi-port to single port, and their corre-
sponding timing diagrams to describe the timing relationship
of'various signals for providing the architectures from multi-
port to single port. Also, more examples are given for illus-
trating various substitutions and modifications of the read out
data synchronization module from single port to multi-port,
and their corresponding timing diagrams to describe the tim-
ing relationship of various signals for providing the various
substitutions and modifications of the read out data synchro-
nization module.

FIG. 8 shows an exemplary architecture from 4-port to
single port, according to an exemplary embodiment. The
differences of the embodiment of FIG. 8 compared to the
details of FIG. 2 are described for conciseness. Similar com-
ponents (even if operated differently) are shown with similar
reference numbers, again for conciseness. In FIG. 8, it is
assumed that two ports are for reading signals and the other
two ports are for writing signals. The operating frequency
CLK__4x of the single-port memory is four times of a system
operating frequency CLK 1x. The Read_signall 1x and
Read_signal2_ 1x are two input control signals for the two
read ports, and the Write_signall 1x and Write_signal2  1x
are two input control signals for the two write ports. Four
different synchronization modules synchronously control the
four input control signals to the memory’s operating fre-
quency. The first read signal is Read_signall_4x after syn-
chronization, and the second read signal is Read_signal2 4x
after synchronization. Similarly, the first write signal is
Write_signall _4x after synchronization, and the second
write signal is Write_signal2_ 4x after synchronization. The
four synchronized control signals are further processed by the
read/write signal selector 107 to obtain an input control signal
1p_input_signal 4x for the single-port memory 101. The
read out data from the single-port memory 101 is read_out_
data__4x. Because the original input uses two read ports, two
read data are generated after the synchronization by the read
out data synchronization module from the operating fre-
quency CLK_ 4x to the operating frequency CLK 1x. The
read out data corresponding to the original Read_signall 1x
is Rdl_out_ 1x, and the read out data corresponding to the
original Read_signal2 1xis Rd2_out 1x.

FIG. 9 shows a timing diagram illustrating the timing rela-
tionship of various signals for providing the architecture from
4-port to single port shown in FIG. 8, according to an exem-
plary embodiment. A sequence of inputs such as the 1* to 5%
inputs for the control signal Write_signall 1x on the first
write port are Wsigl _ 0~Wsigl_ 4; asequence of inputs such
as the 1¥to 5% inputs for the control signal Write_signal2_ 1x
on the second write port are Wsig2 0~Wsig2_ 4; a sequence
of inputs such as the 1* to 5 inputs for the control signal
Read_signall _1x onthe first read port are Rsigl  O~Rsigl
4; and a sequence of inputs such as the 1°to 5” inputs for the
control signal Read_signal2 1x on the second read port are
Rsig2 0~Rsig2 4. The four synchronized signals Write_
signall 4x, Write_signal2 4x, Read_signall 4x and
Read_signal2_ 4x are obtained through the synchronization

to the 1% to 5? inputs for each of the control signals Write_
signall _;x, Write_signal2_ 1x, Read_signall | x, and
Read_signal2__;x by the synchronization modules
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8
Sync_W1, Sync_W2, Sync_R1 and Sync_R2, respectively.
The read/write signal selector then integrates the four syn-
chronized signals into a control signal 1p_input_signal 4x
of the single-port memory.

FIG. 10 shows an exemplary substitution and modification
of'the read out data synchronization module from single port
to 4-port, according to an exemplary embodiment. The con-
trol signal 1p_input_signal 4x of the single-port memory
includes two read signals, Read_signall 4x and Read_sig-
nal2_ 4x. The read out data Read_out_data_ 4x therefore
includes two sets of read out data. One set of read out data
corresponding to Read_signall 4x are Datal 0, Datal
1,...,Datal_(N-1), Datal_N, . ... The other read out data
corresponding to Read_signal2 4x are Data2 0, Data2
1,...,Data2_(N-1), Data2_N, ....Each set of read out data
corresponding to Read_signall 4x use N synchronization
modules to perform synchronization. The first set of read out
data uses N synchronization modules, i.e. synchronization
module SYNC1__~synchronization module SYNCI_N,
respectively to perform synchronization. The second set of
read out data use another N synchronization modules, i.e.
synchronization module SYNC2__ | ~synchronization mod-
ule SYNC2_N, respectively to perform synchronization.
After synchronization, the first set of synchronized data are
Datal_0_1x, Datal_0_1x, ..., Datal_(N-1)_,x. After
synchronization, the second set of synchronized data are
Data2_ 0_1x, Data2_0_1x, ..., Data2_(N-1)_,x. Then,
the read out data selector 405 forms the two sets of read out
data into read out data Rd1_out_ 1x and Rd2_out_ 1x oftwo
ports.

FIG. 11 shows a timing diagram to describe the timing
relationship of the read out data synchronization module from
single port to 4-port shown in FIG. 10, according to an exem-
plary embodiment. The read out data Read_out_data_ 4x cor-
responding to the control signal 1p_input_signal 4x of the
single-port memory in FIG. 9 includes two sets of read out
data (of two ports),i.e. one setof Datal 0, Datal_1,...,and
the other set of Data2__ 0, Data2__1, . ... Each ofthe two sets
of read out data use N synchronization modules to perform
synchronization, i.e. synchronization module SYNC1
1~synchronization module SYNC1_N and synchronization
module SYNC2_ 1~synchronization module SYNC2_N,
respectively. After synchronization respectively by synchro-
nization module SYNC1_1 and synchronization module
SYNC2__1, the first data Datal__0 and Data2__ 0 of the two
sets of read out data become synchronized data Datal _ 0__1x
and Data2 0_ 1x, respectively. The synchronized data, i.e.
Datal_0_ 1xandData2 0_ 1x, will appear at the same time
in the timing sequence with the same system operating fre-
quency CLK__1x. After synchronization respectively by syn-
chronization modules SYNC1__1and SYNC2__1, the second
data Datal__1 and Data2__1 of the two sets of read out data
become synchronized data Datal 1 1x and Data2_1_ 1x.
The synchronized data i.e. Datal 1 1xand Data2 1 1x,
will appear at the same time immediately following the syn-
chronized first data in the timing sequence with the same
system operating frequency CLK__1x. Then, the read out data
selector integrates each pair of the two sets of synchronized
data to form the read out data, i.e. Rd1_out__1x, Rd2_out__
1x, of two ports.

FIG. 12 shows an exemplary architecture from 3-port to
single port, according to an exemplary embodiment. The
differences of the embodiment of FIG. 12 compared to the
details of FIG. 2 are described for conciseness. Similar com-
ponents (even if operated differently) are shown with similar
reference numbers, again for conciseness. In FIG. 12, it is
assumed that one port is for reading and the other two ports
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are for writing. The operating frequency CLK_3x of the
single-port memory is three times of a system operating fre-
quency CLK_1x. The Read_signall__1xis the control signal
for the read port, and the Write_signall 1x and Write_sig-
nal2__1x are two control signals for the two write ports. Three
different synchronization modules synchronously control the
three control signals to the memory’s operating frequency.
The first read signal is Read_signall _3x after synchroniza-
tion. Similarly, the first write signal is Write_signall 3x
after synchronization, and the second write signal is Write_s-
ignal2  3x after synchronization. The three control signals
are further processed by the read/write signal selector 107 to
obtain a control signal 1p_input_signal 3x for the single-
port memory 101. The read out data from the single-port
memory 101 is read_out_data_ 3x. Because one port of the
three ports is a read port, which is the same as the previous
embodiment of the 2-port memory, wherein the read out data
of'the single portisread_out_data_ 3x. After theread out data
synchronization module synchronizes the read_out_data_ 3x
from CLK_ 3% to CLK__1x to the system frequency, it gen-
erates the read out data CLK_1X_Read out_data of the
single port.

FIG. 13 shows a timing diagram illustrating the timing
relationship of various signals for providing the architecture
from 3-port to single port shown in FIG. 12, according to an
exemplary embodiment. Referring to FIG. 13, a sequence of
inputs such as the 1° to 5 inputs for the control signal
Write_signall _1x on the first write port are Wsigl
0~Wsigl_ 4; a sequence of inputs such as the 1* to 5% inputs
for the control signal Write_signal2 1x on the second write
port are Wsig2_ 0~Wsig2  4; and a sequence of inputs such
as the 1" to 5” inputs for the control signal Read_signall _1x
on the read port are Rsigl 0~Rsigl 4. Three synchronized
signals, i.e. Write_signall 3x, Write_signal2 3x, and
Read_signall 3x, are obtained through the synchronization
by three synchronization modules, i.e. Sync_W1, Sync_W2,
and Sync_R1, respectively. The read/write signal selector 107
then integrates the three synchronized signals into a control
signal 1p_input_signal 3x of the single-port memory.

FIG. 14 shows an exemplary substitution and modification
of'the read out data synchronization module from single port
to 3-port, according to an exemplary embodiment. The con-
trol signal 1p_input_signal 3x of the single-port memory
includes one read signal Read_signall 3x. The read out data
Read_out_data_ 3x therefore includes two sets of read out
data. The read out data corresponding to the read signal Read_
signall 3x are Data0_ 3x, Datal 3x, ..., Data(N-1)_3x,
DataN_ 3%, . ... These read out data, similar to the previous
embodiment of 2-port memory, are synchronized by N syn-
chronization modules. After synchronization, a first set of
synchronization data is Data0__1x, Datal_1x, . .., Data
(N-1)__1x. Then, the read out data selector 405 integrates the
read out data to form a set of output data (i.e. CLK__1x Read
out data) with the read out data format needed by the system.

FIG. 15 shows a timing diagram to describe the timing
relationship of the read out data synchronization module from
single port to 3-port shown in FIG. 14, according to an exem-
plary embodiment. The read out data Read_out_data_ 3x cor-
responding to the control signal 1p_input_signal 3x of the
single-port memory in FIG. 12 includes one set of read out
data, i.e. DataO_ 3x, Datal_ 3x, Data2_ 3x, . ... These read
out data, similar to the previous embodiment of 2-port
memory, are synchronized by N synchronization modules,
i.e. synchronization module SYNC1~synchronization mod-
ule SYNCN. After synchronization, the N synchronization
modules generates synchronized data Data0__1x, Datal__1x,
Data2_ 1x,....Then, theread out data selector 405 integrates
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these synchronized data to form the read out data CLK__
1x_Read_out_data having the data format outputted at the
operating frequency of an original system.

Thus, the exemplary embodiments of the disclosure pro-
vide a technique operable to provide multi-port functionality
by using the architecture of single-port memory to replace the
n-port memory, wherein n may be a positive integer greater
than or equal to 2. In the technique, both the inputted read
signals and the write signals are synchronized from the opera-
tion frequency of the multi-port memory to the operating
frequency of the single-port memory. The synchronized read
signals and the synchronized write signals are integrated into
a set of input control signals of the single-port memory. The
set of read out data of the single-port memory are synchro-
nized from the operating frequency of the single-port
memory to the operation frequency of the multi-port memory,
for further operations in an original system.

Although the disclosure has been described with reference
to the exemplary embodiments, it will be understood that the
invention is not limited to the details described thereof. Vari-
ous substitutions and modifications have been suggested in
the foregoing description, and others will occur to those of
ordinary skill in the art. Therefore, all such substitutions and
modifications are intended to be embraced within the scope of
the invention as defined in the appended claims.

What is claimed is:

1. A memory device operable to provide multi-port func-
tionality, comprising:

a single-port memory having a first operating frequency

that is at least twice of a second operation frequency of
a multi-port memory;

at least one read synchronization module synchronizing a
set of read signals from the second operation frequency
to the first operating frequency;

at least one write synchronization module synchronizing a
set of write signals from the second operation frequency
to the first operating frequency;

a read/write signal selector integrating a set of synchro-
nized read signals and a set of synchronized write sig-
nals into a set of input control signals of the single-port
memory; and

a read out data synchronization module configured to syn-
chronize a set of read out data of the single-port memory
from the first operating frequency to the second opera-
tion frequency of the multi-port memory.

2. The memory device as claimed in claim 1, wherein the
set of synchronized read signals and the set of synchronized
write signals are distributed over different clocks in a clock
domain of the single-port memory.

3. The memory device as claimed in claim 2, wherein a
distributed order in the clock domain for the set of synchro-
nized read signals and the set of synchronized write signals is
decided by a system that employs the memory device.

4. The memory device as claimed in claim 1, wherein the
first operating frequency of the single-port memory is at least
k times of the second operation frequency of the multi-port
memory, k is a positive real number, and k is greater than or
equals to 2.

5. The memory device as claimed in claim 1, wherein the
read out data synchronization module further includes: a
group of synchronization modules synchronizing the set of
read out data of the single-port memory from the first oper-
ating frequency to an operating frequency of a system for
further operations in the system.

6. The memory device as claimed in claim 5, wherein a
number of the group of synchronization modules is greater
than or equal to M, and M is a number of clocks of a maximum
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timing latency caused by the synchronization from the first
operating frequency to the system’s operating frequency.

7. The memory device as claimed in claim 5, wherein the
read out data synchronization module further includes: a
Sync module selector controlling each of the set of read out
data from the single-port memory to use which one of the
group of synchronization modules.

8. The memory device as claimed in claim 5, wherein a
counter is used as a control indicator to indicate a correspond-
ing synchronization module of the group of synchronization
modules for each read out data in a synchronization process.

9. The memory device as claimed in claim 7, wherein the
Sync module selector determines which synchronization
module is selected and when the selected Sync module starts
up for each of the set of read out data.

10. The memory device as claimed in claim 7, wherein the
Sync module selector takes turn to enable a different synchro-
nization module of the group of Sync modules for each read
out data from the single-port memory.

11. The memory device as claimed in claim 5, wherein the
read out data synchronization module further includes: a read
out data selector integrating the synchronized read out data
from the group of synchronization modules into a set of
output data with a data format of the multi-port memory.

12. A method operable to provide multi-port functionality,
comprising:

providing a single-port memory having a first operating

frequency that is at least twice of a second operation
frequency of a multi-port memory;
synchronizing a set of read signals from the second opera-
tion frequency to the first operating frequency, and syn-
chronizing a set of write signals from the second opera-
tion frequency to the first operating frequency;

integrating a set of synchronized read signals and a set of
synchronized write signals into a set of input control
signals of the single-port memory; and

synchronizing a set of read out data of the single-port

memory from the first operating frequency to the second
operation frequency of the multi-port memory.

13. The method as claimed in claim 12, wherein the method
further includes: distributing the set of synchronized read
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signals and the set of synchronized write signals over differ-
ent clocks in a clock domain of the single-port memory.
14. The method as claimed in claim 13, wherein a distrib-
uted order in the clock domain for the set of synchronized
read signals and the set of synchronized write signals is
decided by a system employing a memory device that the
method is adapted to.
15. The method as claimed in claim 12, wherein the first
operating frequency of the single-port memory is at least k
times of the second operation frequency of the multi-port
memory, k is a positive real number, and k is greater than or
equals to 2.
16. The method as claimed in claim 12, wherein synchro-
nizing the set of read out data of the single-port memory from
the first operating frequency to the second operation fre-
quency further includes:
synchronizing, by a group of synchronization modules, the
set of read out data of the single-port memory from the
first operating frequency to an operating frequency of a
system for further operations in the system; and

integrating, by a read out data selector, the synchronized
read out data from the group of synchronization modules
into a set of output data with a data format of the multi-
port memory.

17. The method as claimed in claim 16, wherein said
method further includes:

controlling, by a Sync module selector, each of the set of

read out data from the single-port memory to use which
one of the group of synchronization modules.

18. The method as claimed in claim 17, wherein the method
further includes: determining, by the Sync module selector,
which synchronization module is selected and when the
selected synchronization module starts up for each of the set
of read out data.

19. The method as claimed in claim 18, wherein said
method further includes: taking turn to enable a different
synchronization module of the group of synchronization
modules for each read out data from the single-port memory.
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